In this paper we estimate a "Grossman" model of demand for health based on Swedish micro data.
Introduction
The determinants of health constitute an issue of vital importance to health policy, e.g. in establishing the effects of various non-medical factors on health such as unemployment or income. The first economist to present a formal model on the determinants of health was Grossman (1972a,b) . Drawing on the theory of human capital by Becker (1965) , Grossman constructed a model where individuals use medical care and their own time to produce health. Individuals were assumed to invest in health production until the marginal cost of health production equalled the marginal benefits of improved health status. The health status was assumed to affect utility both indirectly through raising labour income and directly by assuming that individuals value good health per se.
The seminal demand-for-health model by Grossman (1972a,b) has become a corner-stone in the field of health economics. Despite this, relatively little empirical work has been carried out on the demand-for-health model (Grossman 1972a; Cropper 1981; Wagstaff 1986 Wagstaff ,1993 Pohlmeier & Ulrich 1995) . The work that has been done has yielded conflicting results, with many that have been inconsistent with the predictions of the model (Wagstaff 1993) . There is thus a need for further empirical work on the demand-for-health model.
The aim of this paper is to estimate a demand-for-health equation using Swedish micro data. In previous studies the measure of health capital has been constructed from various health problems. Here we instead measure health capital by a categorical measure of overall health status (bad health, fair health or good health).
This measure offers potentially important advantages compared to previous studies, since it is not necessary to determine weights for various health problems and the size of the regression coefficients can be interpreted in a meaningful and intuitive way (as the change in the probability of good health). As independent variables we use a host of variables hypothesized to affect the demand for health. In Section 2 below we present a theoretical model of the demand for health. In Section 3 the data and the variables used are described and in Section 4 the estimation methods are outlined. Section 5 reports the results and the paper ends with some concluding remarks in Section 6. 3
The theoretical model
In this section we present a theoretical model of the demand for health based on the model in Johansson (1995) . 1 It is assumed that the individual behaves as if he/she maximizes utility in each of T periods, utility being a function of private goods, leisure time and health. For the sake of simplicity, the utility function is assumed to be separable in time and is written as:
where ρ=(1+θ) -1 <1 is a discount factor, θ is the rate of time preference, Z t is a vector of private goods consumed in period t with t=1,....T, L t is leisure time in period t, and H t is the health status in period t. The utility function is strictly increasing in each of its arguments. At time 0 the individual inherits an initial stock of health capital H 0 , and the health status then evolves over time according to the relationship:
where dH t is the net investment in health in period t, I t is the gross investment in health in period t, δ t is the rate of depreciation of health in period t, and A t is a vector of exogenous variables that affect the rate of depreciation such as age, sex, and environmental variables. The gross investment is assumed to be produced using medical care (M) and own time (L Ht ) as inputs, which gives rise to the following health production function:
1 The model in this section differs slightly from the original Grossman model (1972a,b) . In the original Grossman model the stock of health only affects utility indirectly through the number of healthy days in a period that is a function of the stock of health. In our model the stock of health (the health status) enters the utility function directly. This recognizes that there is a continuum of health states rather than only the two health states: healthy and unhealthy (as implied by letting only the number of healthy days affect utility). In our model leisure time is also an argument in the utility function, rather than being an argument in a production function to produce private goods (Z). This simplifies our model, since a production function for private goods is not needed.
4 where E t is the exogenous education level that is assumed to affect the productivity of producing health. The individual is assumed to have access to a perfect capital market, allowing him or her to freely transfer income between the periods at a fixed market rate of interest that is assumed to equal the rate of time preference. This leads to the following budget constraint: 
In equation 6 u 1t is an error term with zero mean and constant variance and b 1 -b 9 are coefficients to be estimated. We would expect the demand for health to increase with an increase in the price of private goods 5 (b 2 >0), i.e. as health production becomes relatively cheaper compared to private goods the individual will increase the demand for health. For the price of medical care we expect a negative sign (b 3 <0), since the individual can be expected to purchase less medical care as the price increases. An increase in the non-wage income can be expected to increase the demand for health (b 4 >0). For a ceteribus paribus increase in the wage rate the sign is indeterminate a priori. An increased wage will increase the price of own time in the production of health, but also increase the labour income and the value of investments in health. For the variables affecting the rate of depreciation (A t ) we expect negative signs for variables that increase the rate of depreciation and positive signs for variables that decrease the rate of depreciation. For education we expect a positive sign (b 7 >0), since education is assumed to increase the productivity of producing health. The coefficient for the rate of time preference can be expected to be negative (b 8 <0), since a higher discount rate decreases the present value of investments in health. The coefficient reflecting the inherited stock of health capital can be expected to be positive (b 9 >0). Below we specify the data used to estimate equation (6).
Data
The empirical analysis of the demand for health is based on data from a probability sample of the Swedish population, the Level of Living Survey (LNU) from 1991. The full sample (employed and unemployed)
consists of 6,773 individuals, between the ages 18 and 76 years. After correcting for missing values, the sample was reduced to 5,174 individuals for the full sample and 3,184 individuals in the employed sample.
The survey contains data on, for instance, morbidity and different socioeconomic variables. Further details are given in Levnadsnivåundersökningen (1991) and Fritzell and Lundberg (1994) .
Dependent variable (H t )
In Table 1 the variables used are defined and in Table 2 summary statistics for the variables are given for both the full sample and the employed sample. The dependent variable is the stock of health (H t ), which is measured by a categorical health measure. In the categorical health rating question the individual's rated their own current health status on a three-point scale (0=bad health, 1=fair health, 2=good health). This type of categorical health measure has been shown to capture important information about the individual's health 6 (Connelly et al. 1989) and to be an important predictor of mortality (Wannamethee & Shaper 1991; Kaplan & Camacho 1983; Idler & Kasl 1991) . 
Independent variables
The independent regressor variables derived from eq (6) are outlined below. 
The non-wage income (Y) and the wage rate (W)
The Grossman model (and the theoretical model above) is based on a working population, where the wage rate measures the opportunity cost of time. In the non-working population we have no information about the opportunity cost of time. For the full sample we therefore include one income variable (gross income) rather than non-wage income and the wage-rate. We use dummy variables rather than a continuous income variable to avoid making assumptions about the functional relationship between income and health status. Gross annual income is measured by three dummy variables: INC2=1 if the income is in the second quartile (61,500-116,300), INC3=1 if the income is in the third quartile (116,300-161,700) and INC4=1 if the income is in the fourth quartile (>161,700). The reference category is individuals who are in the first (poorest) quartile of the gross income distribution (<61,500). The source of the gross annual income data is the National Income Tax
Statistics, linked to the LNU data. Using gross individual income as an independent variable introduces a potential endogeneity problem. According to the theoretical model health status affects labour income (through reducing sick time), and this leads to an endogeneity problem between income and health. Since workers in
Sweden have paid sick-leave the endogeneity problem will, however, be reduced. 3 We also estimate the model only for the individuals who are working (the employed sample). In this estimation we include a dummy 2 It was not possible to include the price of private goods (p), the price of medical care (P) and the rate of time preference (θ; assumed to equal the market rate of interest) in the estimated demand-for-health equation, since they do not vary between individuals. 3 There could still be an endogeneity problem if the health status affects the wage rate, which seems possible. In such a case the theoretical model would, however, be rejected since it is based on an exogenously given wage-rate (and the problem could thus variable for non-wage income defined as 1 if the individual has some declared taxable property, and 0 otherwise. We also include the wage rate. The gross wage rate per hour is measured by three dummy variables:
WAGE2=1 if the wage rate is in the second quartile (64-74), WAGE3=1 if the wage rate is in the third quartile (74-89) and WAGE4=1 if the wage rate is in the fourth quartile (>89). The reference category is individuals who are in the first quartile of the wage rate distribution (<64). All "monetary" variables are given in Skr (Swedish Kronor; exchange rate September 1997 $1=Skr 7.80).
The variables affecting the rate of depreciation in health (A)
We include age as a variable that affects the rate of depreciation, since health status decreases with age. Rather than impose a functional form on the relationship between health and age we again conservatively use three 0-1 dummies for age groups (AGE2, AGE3 and AGE4). Gender is also included in the model and is represented by a 0-1 dummy for male (MALE). The rate of depreciation is assumed to be higher for men, since they have a lower life-expectancy. We also include a dummy variable for overweight measured as a body mass index over 30 (BMI>30). We expect overweight to increase the rate of depreciation. We also include one dummy variable for if the individual is not married or cohabitant (SINGLE) and one dummy variable for if the individual is currently unemployed (UNEMPL). Both these variables are expected to increase the rate of depreciation. We also include two dummy variables for urbanisation (SMALLCITY, BIGCITY). We expect urbanisation to increase the rate of depreciation.
Education (E)
We include two dummies for the education of the individual (EDUC2, EDUC3). 4 We expect the productivity of producing health and thus the demand for health to increase with higher education.
The initial inherited stock of health capital (H 0 )
We use a proxy variable for the initial inherited stock of health capital. We use a dummy variable for if the parents or siblings of the respondent have had any health problems (HPROBFMS). Since we expect the not be solved by including non-wage income and the wage rate rather than total income as regressors). Due to the possible endogeneity problem of income we also estimated the demand for health model without the income variable, see footnote 5. 8 demand for health to increase with the initial inherited stock of health capital we expect a negative sign for this variable.
Estimation methods
In estimating the demand-for-health model we have to take into account the fact that our health measure is an ordered response with three categories (0=bad health, 1=fair health, 2=good health). An appropriate tool for analyzing such ordered categorical data is the ordered probit model (for references see Amemiya (1981) ; Cameron & Trivedi (1986); Greene (1993) ). Let h i * be a continuous, latent variable which could be interpreted as representing the health of an individual on a continuous scale. We assume a linear dependence between the latent variable h i * and X i , β and ε i :
The variable h i * defines a variable h i which is related to the above mentioned categories in the following way:
where θ i = 0,1, are unobservable thresholds. Denoting the cumulative density function of the standard normal distribution as above (Φ), it follows that the probabilities of an individual for each category are given by:
with β = α/σ and µ j-1 /σ = θ j , 0,1, i.e. note that only the ratios α/σ and µ j-1 /σ are estimable (Dustman 1996) . If the regression contains a constant term, the full set of coefficients is not identified. A common normalization is to set µ 0 = 0 which means that the estimated coefficients µ i , i=1 represent the differences in the respective thresholds: µ i = µ i -µ i-1 (Greene 1995; Dustman 1996) . Greene (1993) points out that the interpretation of the estimates is not straightforward. A positive estimate indicates that an increase in the respective variable shifts weight from category 0 into category 2, which means that the probability of category 2 increases and the probability of category 0 decreases.
Estimation results
Our statistical results are reported in two parts: the full sample estimations (working and non-working population) and the employed sample estimations. In Table 3 we report the ordered probit estimated effects of the covariates on the categorical health measure for both the full sample and the employed sample. The goodness of fit values (pseudo R 2 ) are about 0.10 for the full sample and 0.07 for the employed sample. In order to be able to interpret the size of the regression coefficients, we show in Table 4 the predicted probability of good health for each category of the dummy variables, at the mean level of all other explanatory variables for both samples. 
Full sample estimations
The estimated effects of income on the demand for health are clearly positive, i.e. the estimated effects of INC3-4 are significant (P<0.01). These effects tend to increase with increasing income and the estimated effect very different effect compared with an additional year at the university level.
of INC4 is significantly higher than the effect of INC3 (P<0.01). The estimated probability of being in good health increases from 0.75 in the lowest income category to 0.87 in the highest income category.
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As expected age significantly decreases the demand for health, i.e. the estimated effects of AGE2-4 are negative and significant (P<0.01). The estimated effect of AGE4 is significantly lower than the corresponding effect of AGE2 (P<0.01), but not significantly lower than AGE3. The predicted probability of good health is 0.93 in the youngest age-group and 0.63 in the oldest age-group. The estimated effect of gender (MALE) Finally, education has a positive effect on health, indicating that individuals with a higher education are more efficient producers of health. The two education variables (EDUC2 and EDUC3) are positive and significant (P<0.01). The predicted probability of being in good health is 0.89 for individuals with university education and 0.78 for individuals with less than high school education.
Employed sample estimations
The estimated effect of the wage rate on the demand for health is positive and significant, i.e. WAGE2-4 are all positive and significant (P<0.05) and the estimated effect tends to increases as the wage rate increases. The predicted probability of being in good health is 0.81 in the lowest wage rate category and 0.90 in the highest wage rate category. The estimated effect of non-wage income on the demand for health is also positive and significant (P<0.01).
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Age significantly decreases health also among employed people, i.e. the estimated effect of AGE3 is significant (P<0.01) but the effect of AGE2 is not significant (note that AGE4 is not included). As in the full sample, the estimated effects of gender (MALE) and being single (SINGLE) are negatively significant (p<0.05).
The estimated effects of the dummy for health problems in the family (HPROBFMS) and living in big cities (BIGCITY) are negative, as was the case for the full sample, but they are not significant. The estimated effect of overweight (BMI>30) is negatively significant also for the employed sub-sample and being overweight decreases the predicted probability of good health from 0.87 to 0.76. Finally, education has a positive effect on health also in the employed sample. The two education dummy variables (EDUC2 and EDUC3) are positive and significant (P<0.01). The predicted probability of being in good health is 0.91 for individuals with university education and 0.84 for individuals with less than high school education.
Concluding remarks
Overall our results confirm the predictions of the demand-for-health model. The demand for health decreases with age and is lower for males than for females, and the demand for health increases with income and education. In the employed sample the demand for health decreases with age and is lower for males than females, and the demand for health increases with the wage rate, non-wage income and education. Overweight and being single also had a significant negative effect on the demand for health in both samples. We furthermore found that living in big cities (Stockholm, Gothenburg or Malmö) had a negative effect on health status, although this effect was not significant in the employed sample. Our proxy variable for the initial inherited stock of health capital had the expected negative sign in both samples, but was not significant in the 12 employed sample. However, we failed to find a significant impact of unemployment, although it had the expected negative sign.
The most recent empirical work that we are aware of which estimates demand-for-health equations is that of Wagstaff (1993) . He estimated demand-for-health equations with income, education, sex and age as explanatory variables. He estimated two equations in two separate age-groups (under and over 41 years). Age had the wrong sign (not significant) in the under 41s' equation, but had the expected negative sign and was significant in the over 41s' equation. Income and education had the expected signs in both equations, but income was not significant in the under 41s' equation and education was not significant in the over 41s' equation. Our results for age, income and education are largely consistent with those of Wagstaff (1993) , but provide stronger support for the demand-for-health model. Age, education and income are all significant with the expected signs in our estimations. We are also able to estimate the effect of these variables in an easily interpretable way, as the change in the predicted probability of good health.
Finally, it is important to note some limitations of the study. One limitation concerns the fact that there may be some omitted variables which affect the demand for health (e.g. the distance to health care services, affecting the effective price of medical care). This could lead to omitted variables bias. Another limitation concerns causality. For some variables there could be problems with reversed causality, e.g. that the health status affects income and education rather than the other way round. If this is the case, the estimated effects of income and education will be biased, along with the effects of all other correlated regressors. Unfortunately, the lack of instruments precludes any formal tests of endogeneity. In spite of these limitations we think that the results are interesting and provide some support for the demand-for-health model. equation without the dummies for wage rates, and we found that all qualitiative results of the other variables hold, except for the insignificance of the male dummy, as was also the case in the reduced form equation for the full sample, see footnote 5. (Magee 1990) .
